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 Rainfall data from 10 weather stations (2 automatic and 8 manual) located in the surroundings of Gallocanta Lake were 
collected until April 2013. 
 Tornos weather station was selected as Reference Station to characterize the rainfall in Gallocanta lake. This station, 
manually run by Mr. E. Torrijo Cantín since 1944, recorded the precipitation of the 97% of the days in the last 70 years. 
 The 3% of daily missing data were estimated using rainfall data from the nearest weather stations in the area. We 
calculated the Pearson correlation coefficient between Tornos and each of the nine weather stations in a daily, weekly, 
and monthly basis, using records ≠ 0. Monthly data supplied the highest r Pearson coefficient values.  
 Daroca-I was selected as the first candidate station, ‘can’, to complete Tornos daily data, because of its high r Pearson 
coefficient (r = 0.89) and its long series of precipitation, 105 years. Three more candidates stations prioritized according 
to their registration period (Las Cuerlas-G, Las Cuerlas, and Bello weather stations) were selected to complete Tornos 
series when Daroca-I had missing data.  
 Daily precipitation was examined, and for each incomplete Tornos month we selected a candidate station. First, the 
monthly rainfall for Tornos was estimated by linear regression as: P_e = a x P_can, where P_can is the monthly rainfall 
of the candidate station. Second, missing daily precipitation in Tornos (daily P_Tornos) was obtaining after comparing the 
monthly estimated values, P_e, with the actual rainfall registered in Tornos, P_ac, according to the following criteria: 
Introduction 
Methodology 
1. If P_e ≤ P_ac, daily P_Tornos = 0 
2. If P_e > P_ac,  daily P_Tornos = (P_e -P_ac) / number of 
days with daily P_can>0 
3. If daily P_can=0, daily P_Tornos = 0 
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Guiral 1981
Gracia 1990 2.5 1.4 0.7 0.5
Comín et al. 1990 2.5 0.8 1.2
Rodó et al. 2002
CHE 2003
Pérez et al. 2009  0.85
Pérez-Bujarrabal 2014 2.8
0.2
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 1. Annual and seasonal variations Results 
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WINTER       SPRING      SUMMER     AUTUMN 
Month J F M A M J JL AG S O N D mean
Rainfall 
(mm)
30.5 27.4 34.0 46.1 73.0 56.0 26.8 30.8 45.2 44.1 39.8 32.9 40.5
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The intermitent flooding of Gallocanta lake is particularly striking at the eastern sector due to the dominant NW wind. Shallow water, consecutive flooding and drought, and 
mixing of saline and fresh water results in a mosaic of wet environments that host endemic species and a high diversity of habitats. Long-term time-series data are required 
to identify annual and seasonal variations in rainfall and to correlate the variations with water level fluctuations in wetlands. A time-series data has been completed in this 
study from 1944 to 2012. The persistence of high-diversity saline wet environments is affected by the variability in rainfall and its effect on the water level fluctuations of the 
lake. 
 Mean annual rainfall is 488 mm between 1944 and 2013 at Tornos weather station, located 
25.5 m above the lake floor. Annual rainfall was very irregular, ranging from 760 mm in 1959 to 
232 mm in 2001, being the later the driest year of the studied period according to Tornos 
records. 
 Rainfall in the area is irregular and, in the last decade, at least, mean annual rainfall was 22% 
lower at the lakeshore (Los Picos weather station) than it was at Tornos weather station during 
the same period.   
 The seasonal distribution of precipitation shows that the winter is dry (mean of 91 mm) whereas 
the spring is the wettest season (mean of 154 mm). 
 Monthly precipitation indicates that July is the driest month, with a mean rainfall of 27 mm and 
less than 5 mm of accumulated rainfall nearly 20% of the years. July also registers the highest 
mean monthly temperature, 30.9 ºC. May was the wettest month, with a mean rainfall of 73 
mm and more than 50 mm of accumulated rainfall 64% of the years. The rainfall variability 
allows numerous habitats hosting organisms adapted to droughts and saline conditions.  
 The quantitative and qualitative 
data about lake water level in 
Gallocanta lake collected from 
literature showed a sequence of 
three dry (D) and two wet (W) 
periods,  in agreement with the 
limnigraph records from 1974 
(CHE, 2003). 
 Mean annual rainfall was 449 mm in dry periods and 538 mm in wet periods.  
 The water level decreased from 2.8 m in 1974 (Pérez-Bujarrabal, 2014 in press) to 
zero at the beginning of the 1980s. Despite the hydric deficit (605 mm yr-1), the 
high mean rainfall (633 mm yr-1) happening from 1986 to 1989 preserved a high 
water level in the lake (1 m deep) until the 1990s. Since then, the water level of 
the lake declined until nowadays, being almost completely dry. 
D1 D2 W2 D3 W1 Data from 
Limnigraph installed 
in Gallocanta lake  
Dry (orange) and wet (blue) periods identified in Gallocanta lake, with color saturation indicating increase, and available quantitative data, in meters. 
CHE, Ebro Basin Water Authority, 2003. Establecimiento de las normas de explotación de la unidad hidrogeológica ‘‘Gallocanta’’ 
y la delimitación de los parámetros de protección de la laguna. CHE. Zaragoza 
Comín, FA. Julià, R. Comín, MP. Plana, F., 1990. Hydrogeochemistry of Lake Gallocanta (Aragón, NE Spain). Hydrobiologia 197, 
pp. 51–66 
Gracia, F.J.,1990. Geomorfología de la región de Gallocanta (Cordillera Ibérica central). Universidad de Zaragoza. Tesis doctoral. 
Guiral J.J. 1981. Introducción al conocimiento del clima de la cuenca de la laguna de Gallocanta. In Proyex, S.A. (ed.), Estudio de la biocenosis de la laguna de Gallocanta y su cuenca. CEOTMA. Ministerio de 
Obras Públicas Urbanismo, Madrid: pp. 119-138.  
Pérez Bujarrabal, E., 2014. Recordando Gallocanta, 1972-1984. Boletín de la Real 873 Sociedad Española de Historia Natural Sección Biológica 108, in press 
Pérez M. E., García M.P., 2009. Características hídricas y microclimáticas de la Laguna de Gallocanta. In M.A. Casterad y C. Castañeda (Eds.), La Laguna de Gallocanta: medio natural, conservación y 
teledetección. Memorias de la Real Sociedad Española de Historia Natural. Tomo VII, pp. 129-146. 
Rodó, X. Giralt, S., Burjachs, F., Comín, F., Tenorio, R.G., Julià, R., 2002. High-resolution saline lake sediments as enhanced tools for relating proxy paleolake records to recent climatic data series. 
Sedimentary Geology 148, 203-220 
References:  
Pearson r n Pearson r n Pearson r n
Bello-DGA AEMET 1006 5 1992-2013 (Except 1998) 21 0.61 1581 0.85 418 0.91 52
Daroca-I AEMET 779 16 1909-2013 105 0.62 7394 0.81 1803 0.89 193
Daroca  SIAR Network 753 15.8 2005-2013 9 0.58 1153 0.83 316 0.88 66
Bello AEMET 1006 5 1969-1979 and 2009-2013 15 0.67 1503 0.87 436 0.85 78
Daroca-II AEMET 779 16 2009-2013 5 0.65 427 0.8 130 0.85 27
Las Cuerlas-G AEMET 1025 5.2 1975-2012 38 0.58 3774 0.78 1096 0.82 168
Calamocha AEMET 890 16 1942-2013 (several stations) 72 0.55 6634 0.72 2214 0.81 443
Los Picos CHE 1011 0 2000-2013 14 0.47 1716 0.77 440 0.79 73
Las Cuerlas AEMET 1005 3 1968-1976 9 0.45 505 0.77 114 0.72 14
Tornos AEMET 1018 3.5 1944-2013 70
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